Introduction
In the past, vesicoureteral reflux (VUR) has been widely accepted as a congenital disorder caused by maldevelopment of the vesicoureteral junction. Traditional management strategy, either surgical or medical, is designed to restore the antireflux valvular mechanism of the vesicoureteral junction [1, 2] . Today, due to wider examination of urodynamics in children, this concept is being challenged. Accumulated evidence shows an association between VUR and various types of urodynamic dysfunction, notably overactive bladder (OAB) and dysfunctional voiding (DV) [3] [4] [5] [6] [7] [8] . OAB is characterized by detrusor contractions during bladder filling with simultaneous voluntary urethral sphincter contractions in an attempt to maintain continence, while DV is characterized by habitual constriction of the urethral sphincter during voiding. The common urodynamic feature is that they produce functional urinary tract obstruction. High intravesical pressure generated by such obstruction could play a role in initiation/perpetuation of VUR, urinary tract infections and upper urinary tract damage, similar to obstruction caused by neurogenic bladder or anatomic lesions like posterior urethral valves. Successful treatment of OAB and/or DV has been shown to enhance VUR resolution [4, [9] [10] [11] [12] [13] [14] .
In this study we analyzed a group of children with VUR for incidence and type of urodynamic dysfunction related to age and severity of VUR in an attempt to better characterize the relationship between VUR and urodynamic dysfunction.
Patients and Methods
The study included 132 children with VUR, presenting at our department in the period from 2004 to 2010, in whom urodynamic studies were performed. There were 115 girls and 17 boys, ranging in age from 3 to 11 years. Overt or occult neurogenic dysfunction or anatomical malformations of the urinary tract other than VUR were excluded in all children. Clinical symptoms which indicated urodynamic examination were urgency, frequency, intermittency, and incontinence. Diagnosis of VUR was established by voiding cystourethrography, and severity of VUR was determined using the International Reflux Study classification [15] . VUR was unilateral in 102 children and bilateral in 30, making 162 refluxing units available for analysis.
Urodynamic studies consisted of simultaneous measuring and recording of bladder and abdominal pressures, during both filling and voiding, urine flow rate and pelvic floor electromyography (pressure-flow-EMG study). The methods, definitions and units used in the study conform to that of the International Children's Continence Society [16, 17] . At the beginning, patients voided at voluntary capacity, after which they were catheterized with a single-lumen urethral 6-or 8-Fr catheter; the volume of residual urine was measured and the bladder was filled with saline through the catheter at a rate of 10-30 ml/min until an imperative urge to void occurred. At this point, filling was stopped and the child was asked to void. Abdominal pressure was measured as rectal pressure at the same time as intravesical pressure and served to discern the true detrusor activity from abdominal straining. Electrical activity of pelvic floor muscles was recorded as an indicator of external urethral sphincter activity, using skin surface electrodes. All types of pressure were measured with Statham P23 ID Gould transducers via fluid-filled manometer lines. Urinary flow rate was measured using a DISA Uroflow transducer. Pressure, EMG signal and flow rate were recorded on a DISA four-channel recorder.
Data are presented as absolute numbers, and statistical analysis was made using 2 test with Yates correction. p values ^ 0.05 were considered as statistically significant. All tests were twotailed.
Results
Only 33 of 132 children (25.0%) had normal urodynamic finding ( table 1 ) . The most frequent finding was OAB, found in 59 (44.7%) children. Among children with unilateral VUR, the most frequent urodynamic finding was OAB, while in children with bilateral VUR it was DV ( 2 = 6.85, p = 0.009) ( table 2 ). Comparison of the grade of VUR and urodynamic finding showed that children with lower VUR grades (I and II) had a higher percentage of pathological urodynamic findings than children with higher VUR grades (III and IV) (77.5 vs. 66.6%) ( table 3 ). The most frequent urodynamic finding in children with lower VUR grades was OAB, while in children with higher VUR grades it was DV ( 2 = 8.51, p = 0.004). OAB was more frequent in children younger than 7 years, while DV was more frequent in children older than 7 years ( 2 = 28.67, p ! 0.001) ( table 4 ). OAB was found equally in children with and without uroinfections ( table 5 ). DV was more frequent in children with uroinfections ( 2 = 6.87, p = 0.009). 
Discussion
There is increasing evidence that bladder dysfunction and VUR in otherwise healthy children are closely interconnected. However, the extent to which bladder dysfunction is an etiological factor for VUR is not known as yet. It is difficult to establish its true incidence in the VUR population from available data. The reported incidence after toilet training age varies between 18 and 75% [3-8, 18, 19] . We found a very high incidence of bladder dysfunction (75.0%) among our patients. Most of them were girls, reflecting the fact that after the toilet training age, VUR is much more common in girls. An interesting difference in the incidence of bladder dysfunction related to the grade of VUR was observed. Children with milder VUR had a higher incidence of bladder dysfunction than children with more severe VUR. It points to a possible role of bladder dysfunction in the development of mild VUR. It can be supposed that there could be marginal competence of the vesicoureteral junction in some children who decompensate when stressed by outflow obstruction caused by bladder dysfunction. This is in contrast to the traditional view of VUR as a congenital defect of the vesicoureteral junction. However, the congenital anomaly of the vesicoureteral junction most probably has a prevailing role in the development of more severe VUR, indicated by the finding of a lower incidence of bladder dysfunction in this group of children.
The most frequent type of bladder dysfunction in our VUR population was OAB. We found it more frequent in children with unilateral VUR, children with mild VUR and children younger than 7 years. OAB is prevalent in younger children undergoing a transitory phase between infantile and adult patterns of micturition. It is believed to be due to delayed maturation bladder automatism control, which prevents the disappearance of uninhibited bladder contractions that normally dissipate as the bladder matures and an adult voiding pattern is acquired [20] . Such bladder contractions are likely to cause urethral sphincter contraction, voluntary control of which is usually acquired at an earlier age, and produce high intravesical pressure and possibly VUR, at least the mild type. Normal maturation can be additionally adversely influenced by urinary tract infections. Chronic inflammatory irritation might sustain and/or reinforce uninhibited bladder contractions. It should be stressed that the peak in the prevalence of VUR and urinary tract infections falls at the age of development of normal bladder function, and both have a high rate of spontaneous resolution during childhood.
In contrast to OAB, DV is believed to be an acquired disorder learned in response to uninhibited bladder contractions and becoming manifest at some point after the toilet training period [7, 13, 16, 17] . Outflow obstruction is much more pronounced here, causing more severe bladder tissue derangement. This is in accordance with our finding of DV being more frequent in children with bilateral VUR, higher VUR grades, and in children older than 7 years.
The results of this study highlight the heterogeneity of the VUR population and indicate a possible role of bladder dysfunction in the pathogenesis of VUR. They also indicate the need for incorporating urodynamic investigation in the evaluation of children with VUR. Treatment of VUR should differ depending on urodynamic finding. 
